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(57)  Anaircraft brake actuation system (100) imple-
ments an anti-hysteresis feature that compensates for
various hysteresis effects exhibited in an aircraft brake
actuation system (100) due to one or more sources of
mechanical inefficiency within the system (100). The anti-

Aircraft brake actuation system including anti-hysteresis control

hysteresis feature adjusts the command signal up or
down, depending on the direction of the command, a pre-
determined amount based on the amount of hysteresis
in the system (100). By doing so, the actual brake force
supplied to the aircraft brake elements more accurately
represents the brake force being commanded.
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Description
TECHNICAL FIELD

[0001] The present invention relates to aircraft brake
actuation systems and, more particularly, to a controller
for an aircraft brake actuation system that compensates
for mechanical hysteresis in the system.

BACKGROUND

[0002] When a jet-powered aircraft lands, the aircraft
brakes, various aerodynamic drag sources (e.g., flaps,
spoilers, etc.), and, in many instances, aircraft thrust re-
versers, are used to slow the aircraft down in the desired
amount of runway distance. Once the aircraftis sufficient-
ly slowed, and is taxiing from the runway toward its
ground destination, the aircraft brakes are used slow the
aircraft, and bring itto a stop atits final ground destination.
[0003] Presently, many aircraft brake systems include
a plurality of hydraulic, pneumatic, or electromechanical
actuators, and a plurality of wheel mounted brakes. The
brakes in many aircraft are implemented as multi-disk
brakes, which include a plurality of stator disks and rotor
disks. The stator disks and rotor disks may be alternately
splined to a torque tube or wheel rim, and disposed par-
allel to one another, to form a brake disk packet. The
actuators, in response to an appropriate pilot-initiated
command, move between an engage position and a dis-
engage position: In the engage position, the actuators
each engage the brake disk packet, moving the brake
disks into engagement with one another, to thereby gen-
erate the desired braking force.

[0004] An aircraft brake actuation system, like many
other control systems, may exhibit hysteresis. This hys-
teresis may result from various position control errors
and from friction and/or other inefficiencies in various me-
chanical elements in the system. For example, in an air-
craft brake actuation system the actuators may exhibit
gear losses, and some compliance may exist between
the actuator power unit (e.g., the motor) and the actuator
output. Moreover, frictional losses and compliance may
exist between the actuator output and the brake disk
packet, as well as within the brake disk packet itself. The
position control errors can be corrected, or at least made
negligible, with appropriate position control schemes.
The hysteresis effects due to the various mechanical in-
efficiency sources are, however, more difficult to ad-
dress, and can cause errors in control accuracy and a
phase shift in system frequency response.

[0005] Hence, thereis aneed for a system and method
that compensates for the hysteresis effects that may be
exhibited in an aircraft brake actuation system due to one
or more sources of mechanical inefficiency. The present
invention addresses at least this need.

10

15

20

25

30

35

40

45

50

55

BRIEF SUMMARY

[0006] The present invention provides a system and
method that compensates for the hysteresis effects ex-
hibited in an aircraft brake actuation system due to one
or more sources of mechanical inefficiency within the sys-
tem. In one embodiment, and by way of example only,
an aircraft brake actuation system that exhibits a prede-
termined amount of mechanical hysteresis due to one or
more sources of mechanical inefficiency includes a con-
trol circuit and an electromechanical brake actuator. The
control circuit is adapted to receive a brake force com-
mand signal representative of a desired brake force and
is operable, in response thereto, to adjust the brake force
command signal a predetermined amount based on the
predetermined amount of mechanical hysteresis, and to
supply a brake force actuator command signal based on
the adjusted brake force command signal. The electro-
mechanical brake actuator is coupled to receive the
brake force actuator command signal and is operable, in
response thereto, to move to a position that will supply
the desired brake force.

[0007] In another exemplary embodiment, an aircraft
brake actuator controller includes a command filter cir-
cuit, an anti-hysteresis circuit, and a position control cir-
cuit. The command filter circuit is adapted to receive a
brake force command signal and is operable, upon re-
ceipt thereof, to supply an actuator position command
signal, to determine a rate of change of the brake force
command signal, and to supply a brake force command
rate signal representative of the determined rate of
change. The anti-hysteresis circuit is coupled to receive
the brake force command rate signal and is operable, in
response thereto, to supply an actuator position com-
mand adjustment signal. The position control circuit is
coupled to receive the actuator position command signal
and the actuator position command adjustment signal
and is operable, in response thereto, to adjust the actu-
ator position command signal a predetermined amount,
based on the actuator position command adjustment sig-
nal, and to supply a brake force actuator command signal
based onthe adjusted actuator position command signal.
[0008] In yet another exemplary embodiment, an air-
craft brake actuation system that exhibits a predeter-
mined amount of mechanical hysteresis due to one or
more sources of mechanical inefficiency includes actu-
ator control means and actuator means. The actuator
control means is for receiving a brake force command
signal representative of a desired brake force, for adjust-
ing the brake force command signal a predetermined
amount based on the predetermined amount of mechan-
ical hysteresis, and for supplying a brake force actuator
command signal based on the adjusted brake force com-
mand signal. The actuator means is for moving, in re-
sponse to the brake force actuator command signal, to
a position that will supply the desired brake force.
[0009] Instillafurther exemplary embodiment, a meth-
od of controlling movement of an aircraft brake actuator
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in an aircraft brake actuation system that exhibits a pre-
determined amount of mechanical hysteresis due to one
or more sources of mechanical inefficiency includes sup-
plying a brake force command representative of a desired
brake force magnitude to be supplied by the aircraft brake
actuator. The brake force command is adjusted a prede-
termined amount based on the predetermined amount
of mechanical hysteresis. The aircraft brake actuator is
moved to a position that corresponds to the adjusted
brake force command, whereby the aircraft brake actu-
ator supplies the desired brake force magnitude.

[0010] Otherindependent features and advantages of
the preferred aircraft brake actuation control system and
method will become apparent from the following detailed
description, taken in conjunction with the accompanying
drawings which illustrate, by way of example, the princi-
ples of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a functional block diagram of an ex-
emplary aircraft brake actuation system;

[0012] FIG. 2 is a simplified diagram of an exemplary
electromechanical brake actuator that may be used in
the system of FIG. 1;

[0013] FIG. 3is afunctional block diagram of a control
circuit according to an embodiment of the present inven-
tion and that may be used in the system of FIG. 1;
[0014] FIGS. 4 and 5 are graphs depicting the steady
state response of the system depicted in FIG. 1 that does
include, and does not include, respectively, the anti-hys-
teresis control of the present invention; and

[0015] FIGS. 6-9 are graphs depicting the step re-
sponse of the system depicted in FIG. 1 thatdoes include,
and does not include, respectively, the anti-hysteresis
control of the present invention.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT

[0016] The following detailed description is merely ex-
emplary in nature and is not intended to limit the invention
or the application and uses of the invention. Furthermore,
there is no intention to be bound by any theory presented
in the preceding background of the invention or the fol-
lowing detailed description of the invention. In this regard,
before proceeding with the detailed description, it is to
be appreciated that the described embodiment is not lim-
ited to use in conjunction with a specific vehicle or brake
system. Thus, although the description is explicitly direct-
ed toward an embodiment that is implemented in an air-
craft brake actuation system, it should be appreciated
that it can be implemented in other vehicles and other
brake actuation system designs, including those known
now or hereafter in the art.

[0017] Turning now to the description, and with refer-
ence first to FIG. 1, a functional block diagram of an ex-
emplary aircraft brake actuation system 100 is shown. In
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the depicted embodiment, the system 100 includes a plu-
rality of brake system controllers 102, a plurality of wheel
controllers 104, a plurality of actuator controllers 106,
and a plurality of brake actuator assemblies 108. To pro-
vide redundancy, the system 100 includes two brake sys-
tem controllers 102, an inboard brake system controller
102-1, and an outboard brake system controller 102-2,
though it will be appreciated that it could include more
than this number. Each brake system controller 102 re-
ceives brake command signals from, for example, brake
pedaltransducers (not shown) located in an aircraft cock-
pit (also not shown), which are representative of a desired
brake force. The brake system controllers 102 are each
configured to process the brake command signals from
the transducers, and supply brake processed command
signals to each of the wheel controllers 104.

[0018] The wheel controllers 104 are each coupled to
receive the processed brake command signals supplied
from each brake system controller 102 and are operable,
in response to the received commands, to supply brake
actuator position command signals that are representa-
tive of a position at which a brake actuator assembly 108
will supply the desired brake force. In the depicted em-
bodiment, the system 100 includes eight wheel control-
lers 104-1 through 104-8, though it will be appreciated
that it could include more or less than this number de-
pending, for example, on the number of wheels on the
vehicle that are to be braked. No matter the specific
number of wheel controllers 104 that are used, each
wheel controller 104 supplies actuator position command
signals to a plurality of the actuator controllers 106.
[0019] In the depicted embodiment, the system in-
cludes thirty-two actuator controllers 106-1 through
106-32, four per wheel controller 104, and one for each
brake actuator assembly 108. It will be appreciated, how-
ever, that this is merely exemplary and that the system
100 could be implemented with more or less than this
number of actuator controllers 106. In any case, as will
be described in more detail further below, each actuator
controller 106, upon receipt of the actuator position com-
mand signals, adjusts the brake force command a pre-
determined amount based on a predetermined amount
of mechanical hysteresis in the brake actuation system
100, and supplies a brake force actuator command signal
to a brake actuator assembly 108, based on the adjusted
brake force command. It will be appreciated that the
brake force actuator command signals, similar to the
brake command signals and the brake force command
signals, are representative of the desired brake force.
[0020] In response to the brake force actuator com-
mand signals, each actuator assembly 108 moves to a
position that will supply the commanded brake force to
a wheel 110. In the depicted embodiment, the system
100 s configured to be used with an aircraft that includes
up to eight wheels 110, with four brake actuator assem-
blies 108-1, 108-2, 108-3, 108-4 per wheel 110 supplying
the commanded brake force thereto. Thus, the system
100 may include up to a total of thirty-two brake actuator
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assemblies 108. It will be appreciated that this is merely
exemplary of a particular embodiment, and that the sys-
tem 100 could be configured to include more or less than
this number of brake actuator assemblies 108.

[0021] Turning now to FIG. 2, a simplified diagram of
an exemplary physical embodiment of the brake actuator
assembly 108 that may be used with the system 100 is
shown and will now be briefly described. The depicted
actuator assembly 108 is an electromechanical actuator
and includes a motor 202, an actuator 204, a cap assem-
bly 206, and a position sensor 208. The motor 202 re-
ceives the brake force actuator command signals from
one of the actuator controllers 108 and, in response, ro-
tates in the commanded direction to supply a rotational
drive force. The motor 202 may be any one of numerous
types of motors including, for example, hydraulic, pneu-
matic, and electric motors, the motor 202 is preferably
an electric motor. Moreover, although the motor 202 may
be implemented as any on of numerous types of electric
motors, in a particular preferred embodiment, it is imple-
mented as a brushless DC motor. No matter the particular
type of motor 202 that is used, the rotational drive force
supplied thereby is used to rotate the actuator 204.
[0022] The actuator 204 is coupled to receive the ro-
tational drive force from the motor 202 and, in response
thereto, to translate to a position that corresponds to the
commanded brake force. The actuator 204 may be any
one of numerous actuators that exhibit this functionality,
butin a particular preferred embodiment the actuator 204
is a ballscrew-type actuator. As is generally known, a
ballscrew actuator typically includes an inner, externally-
threaded ballscrew, and an external, internally-threaded
ballnut, neither of which is illustrated. A plurality of balls,
which are also not illustrated, are disposed in the threads
between the ballscrew and ballnut.

[0023] The ballscrew-type actuator 204 converts the
rotational drive force received from the motor 202 to
translational motion in one of two ways, depending upon
its configuration. In a first configuration, the ballscrew is
configured to rotate and receives the rotational drive
force from the motor, and the ballnut is anti-rotated. Thus,
upon receipt of the rotational drive force, the ballscrew
will rotate and the ballnut will translate. In a second con-
figuration, the ballscrew is configured to translate, and
the ballnut, while being fixed axially, is configured to ro-
tate and receives the rotational drive force from the motor.
Thus, upon receipt of the rotational drive force, the ballnut
will rotate and the ballscrew will translate. It will be ap-
preciated that these two ballscrew-type actuator config-
urations are merely exemplary, and that various other
configurations may be used.

[0024] No matter the particular type or configuration of
the actuator 204, as FIG. 2 additionally shows, the cap
assembly 206 is coupled to an end thereof, and thus
translates therewith. The cap assembly 206 engages an
aircraft brake element (not shown) inits associated wheel
110, and supplies the commanded brake force thereto.
[0025] The position sensor 208 is configured to sense
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the position of the actuator 204 and supply an actuator
position signal representative thereof to its associated
actuator controller 106. It will be appreciated that the po-
sition sensor 208 may sense actuator position in any one
of numerous ways, using any one of numerous types of
sensors. For example, the position sensor 208 could
sense actuator position directly using, for example, a
magnetic sensor, an optic sensor, or a resistive type sen-
sor. In the depicted embodiment, however, the position
sensor 208 is implemented as a resolver that senses the
rotational position of the motor 202, which corresponds
to actuator position. The actuator position signal supplied
by the position sensor 208 is fed back to the actuator
controller 106, where it is used to control the position of,
and thus the force supplied by, the brake actuator 108.
[0026] With reference to FIG. 3, a more detailed de-
scription of a preferred embodiment of one of the actuator
controllers 106 will now be described. Before doing so,
however, it will be appreciated that the actuator controller
106 is, for clarity and ease of explanation, depicted using
functional circuit blocks, and is described as being im-
plemented using individual circuits. Nonetheless, it will
be additionally be appreciated that the one or more (or
all) of the depicted and described circuits and/or circuit
blocks could be implemented as individual, discrete cir-
cuit components, or as one or more integrated circuits.
It will additionally be appreciated that the actuator con-
troller 106, and the hereinafter described control meth-
odology, can be implemented using analog signals, dig-
ital signals, software, firmware, or combinations thereof.
[0027] Turning now to the description, itis seen in FIG.
3 that the actuator controller 106 preferably includes a
command filter circuit 302, an anti-hysteresis circuit 304,
a position control circuit 306, and a feed-forward circuit
308. The command filter circuit 302 receives the brake
force command signal from a wheel controller 104 and,
in response, supplies a filtered actuator position com-
mand signal. The command filter circuit 302 additionally
determines a rate of change of the supplied brake force
command signal, and supplies a brake force command
rate signal representative of the determined rate of
change. To implement this functionality, the command
filter circuit 302 includes a converter 312, a comparator
314, a rate amplifier 316, a limiter 318, and an integrator
322. The converter 312 converts the brake force com-
mand signal supplied from the wheel controller 104 to a
position command signal. To do so, the converter 312
implements a predetermined schedule, which may be
stored in a non-illustrated memory, of actuator position
versus desired force.

[0028] The comparator 314 receives the position com-
mand signal supplied from the converter 312, and a fil-
tered position command signal fed back from the output
of the integrator 322. Because the filtered position com-
mand signal fed back from the output of the integrator
322 is delayed relative to the position command signal
supplied from the converter 312, the comparator 314 sup-
plies a rate signal representative of the rate of change of
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the position command signal being supplied from the
converter 312. It will be appreciated that this is also rep-
resentative of the rate of change of the brake force com-
mand signal supplied from the wheel controller 104. The
rate signal from the comparator 314 is input to the rate
amplifier 316. In turn, the rate amplifier 316 supplies a
predetermined amount of gain (K,,) to the rate signal.
[0029] The rate signal is then supplied to the limiter
318, which limits the rate signal to a predetermined rate
magnitude. The limit on the rate signal prevents satura-
tion of the actuator controller 106 when relatively large
changes in brake force commands are issued by the
wheel controller 104. After passing through the limiter
318, the rate signal is supplied to the integrator 322, as
well as to the anti-hysteresis circuit 304 and the feed-
forward circuit 308, both of which are described in more
detail further below. The integrator 322 integrates the
rate signal to thereby supply the filtered actuator position
command signal. As noted above, filtered actuator posi-
tion command signal output from the integrator 322 is
fed back to the comparator 314, and is also supplied to
the position control circuit 306.

[0030] The anti-hysteresis circuit 304, as was noted
above, receives the rate signal generated in the com-
mand filter circuit 302. In response to the rate signal, the
anti-hysteresis circuit 304 supplies an actuator position
command adjustment signal. More specifically, the anti-
hysteresis circuit 304 includes a position command ad-
justment circuit 324 that determines, based on the rate
signal from the command filter circuit 302, the direction
in which the brake actuator 108 is being commanded to
move, and supplies the actuator position command ad-
justment signal accordingly. For example, if the rate sig-
nal indicates that the brake actuator 108 is being com-
manded to move inthe engage position, the position com-
mand adjustment circuit 324 supplies an anti-hysteresis
signal representative of a predetermined anti-hysteresis
value that will result in the actuator position command
signal supplied from the rate determination circuit 302 to
be adjusted upwardly a predetermined amount. Con-
versely, if the rate signal indicates that the brake actuator
108 is being commanded to move in the disengage po-
sition, the position command adjustment circuit 324 sup-
plies an anti-hysteresis signal representative of a prede-
termined anti-hysteresis value that will result in the actu-
ator position command signal supplied from the rate de-
termination circuit 302 to be adjusted downwardly a pre-
determined amount.

[0031] Although the anti-hysteresis circuit 304 could
be implemented with just the position command adjust-
ment circuit 324, in the depicted embodiment the anti-
hysteresis circuit 304 includes two additional circuits - a
position-limit circuit 326, and a multiplier circuit 328. As
FIG. 3 shows, the position-limit circuit 326 includes a
clearance comparator circuit 332 and a limiter 334. The
clearance comparator circuit 332 compares the position
command signal supplied from the converter 312 in the
rate determination circuit 302 to a predetermined clear-
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ance value 336, and supplies a command-clearance dif-
ference signal representative of the difference between
the two signals. The predetermined clearance value 336
is representative of the maximum amount of clearance
that may exist between the brake actuator 108 and the
aircraft brake element when the brake actuator 108 is in
its fully disengaged position. This amount of clearance
is sometimes referred to as "actuator setback." The lim-
iter 334 receives the command-clearance difference sig-
nal from the clearance comparator circuit 332, and limits
this signal such that it is representative of non-negative
values only. The command-clearance difference signal,
limited to a non-negative value if necessary, is supplied
to the multiplier circuit 328.

[0032] The multiplier circuit 328 receives the anti-hys-
teresis signal from the position command adjustment cir-
cuit 324 and the command-clearance difference signal
from the limiter 334, and multiplies these two signals to-
gether to generate the actuator position adjustment sig-
nal. Thus, the predetermined anti-hysteresis value from
the position command adjustment circuit 324 sets the
proportion of the position, commanded past the brake
engagement point, which is either added to or subtracted
from the filtered actuator position command signal in the
position control circuit 306, which will now be described
in more detail.

[0033] Before describing the position control circuit
306, it will be appreciated that the predetermined amount
that the actuator position command adjustment signal
adjusts the filtered actuator position command signal
may vary depending, for example, on the direction the
brake actuator 108 is being commanded to move, as well
as on system requirements, system design, and the
amount of position hysteresis exhibited in the system that
is caused by various mechanical inefficiency sources. In
a particular preferred embodiment, the actuator position
command adjustment signal supplied from the anti-hys-
teresis circuit adjusts the actuator position command sig-
nal, either upwardly or downwardly, an amount that is
approximately equal to the half-width of the position hys-
teresis. It has been found that this amount of adjustment
minimizes the position error that results from various
sources of mechanical hysteresis including, for example,
gear and other mechanical component inefficiencies,
friction, and actuator and brake disk compliance.
[0034] Turning now to the position control circuit 306,
it is seen that this circuit 306 is coupled to receive the
filtered actuator position command signal and, as was
just noted, the actuator position command adjustment
signal. The position control circuit 306 additionally re-
ceives the actuator position signal that is fed back from
the actuator position sensor 208. In response to each of
these signals, the position control circuit 306 supplies an
appropriate brake force actuator command signal. More
specifically, the position control circuit 106, among other
things, adjusts the filtered actuator position command
signal a predetermined amount based on the actuator
position command adjustment signal, and supplies a
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brake force actuator command signal that is based on
the adjusted actuator position command signal. The
brake force actuator command signal, as was previously
noted, is supplied to one or more brake actuators 108.
Because the brake force actuator command is based on
the adjusted actuator position command signal, which is
adjusted based on the actuator position command ad-
justment signal, the brake actuators 108 receiving the
brake force actuator command signal will move to a po-
sition that will accurately supply the commanded brake
force.

[0035] To implement the above-described functional-
ity, the position control circuit 306 includes an actuator
position comparator circuit 338, and a compensator cir-
cuit 342. The actuator position comparator circuit 338
receives the filtered actuator position command, the ac-
tuator position adjustment command, and the actuator
position signal. The actuator position comparator circuit
338 is configured, upon receipt of these signals, to add
the actuator position adjustment signal to the filtered ac-
tuator position command signal, and subtract the actua-
tor position signal, to thereby generate an actuator posi-
tion error signal. The actuator position error signal is then
supplied to the compensator circuit 342.

[0036] In the depicted embodiment, the compensator
circuit 342 isimplemented as a proportional-plus-integral
(PI) compensator, thatincludes an actuator position error
comparator circuit 344 and, as is generally known, a pro-
portional circuit 346 and an integrator circuit 348. The
actuator position error comparator circuit 344 receives
the actuator position error signal from the actuator posi-
tion comparator circuit 338 and a feed-forward rate signal
from the feed-forward circuit 308. In response, the actu-
ator position error comparator circuit 344 supplies a fur-
ther adjusted actuator position error signal. The further
adjusted actuation position error signal is supplied to the
PI compensator proportional circuit 346, which prevents
windup of the Pl compensator integrator circuit 348, and
thus minimizes position overshoot. As shown in FIG. 3,
the feed-forward circuit 308 includes an amplifier circuit
352 that applies a predetermined amount of gain (Ky) to
the rate signal supplied from the rate limiter 318.

[0037] The Pl compensator 342 receives the actuator
position error signal and, in response, supplies the brake
force actuator command signal. In the preferred embod-
iment, the brake actuator assembly 108 is driven by a
DC motor 202. Thus, in the depicted embodiment, the
brake force actuator command signal is a DC signal hav-
ing a voltage magnitude that is proportional to the com-
manded brake force. Thus, to limit the voltage magnitude
supplied to the motor 202 to within an acceptable range,
avoltage-limiter circuit 354 is also included in the position
control circuit 306. Once the brake force actuator com-
mand signal is processed, and limited, if necessary, in
the voltage-limiter circuit 356, it is supplied to the brake
actuator assembly motor 202, which moves the actuator
204 to a position that will supply the commanded brake
force.
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[0038] Turning now to FIGS. 4-10, a comparison will
be made of system responses for an exemplary brake
actuation control system 100 that does not include the
above-described anti-hysteresis control and a system
100 that does include the above-described anti-hystere-
sis control. Referring first to FIGS. 4 and 5, the steady
state response of the brake actuation control system 100
with and without anti-hysteresis control, respectively, is
shown. As FIG. 4 shows, in the system 100 without anti-
hysteresis control, actual motor position 402 (e.g., actu-
ator position) faithfully follows its commanded position.
However, in order to compensate for various sources of
mechanical inefficiency, the motor current 404 is in-
creased above the nominal value while actual brake force
406 is increasing, or is decreased below the nominal val-
ue while actual brake force 406 is decreasing. These
same mechanicalinefficiencies also resultin the depicted
hysteresisin actual brake force 406, and the inaccuracies
between actual brake force 406 and commanded brake
force. Conversely, as shown in FIG. 5, with the anti-hys-
teresis control implemented, although the motor position
402 now exhibits an amount of hysteresis, and the motor
current 404 continues to exhibit hysteresis, the actual
brake force 406 faithfully follows the commanded brake
force

[0039] The difference in system response is further il-
lustrated in FIGS. 6-9, which illustrate step responses of
an exemplary brake actuation control system 100 with
and without anti-hysteresis control. Specifically, FIGS. 6
and 7 depict the response of actuator position and brake
force, respectively, to a step increase in commanded
brake force, with a 0.04" actuator setback, without anti-
hysteresis control, and FIGS. 8 and 9 depict these same
respective responses for the same system, but with anti-
hysteresis control.

[0040] AsshowninFIG. 6, the position response with-
out anti-hysteresis control is quite good, in that the actual
actuator position 602 moves to the commanded position
604. However, as FIG. 7 shows, the force response is
less accurate, in that the actual applied force 702, due
to the various sources of mechanical inefficiencies, is
less than the commanded force 704. However, as shown
in FIGS. 8 and 9, with anti-hysteresis control the actual
actuator position 802 is slightly greater than the com-
manded position 804, whereas the actual applied force
902is now equal, or substantially equal, to the command-
ed brake force 904.

[0041] The system and method described herein pro-
vides an aircraft brake actuation system that compen-
sates for various hysteresis effects exhibited in an aircraft
brake actuation system due to one or more sources of
mechanical inefficiency within the system. Thus, the ac-
tual brake force supplied to the aircraft brake elements
more accurately represents the brake force being com-
manded.

[0042] Whilethe invention has been described with ref-
erence to a preferred embodiment, it will be understood
by those skilled in the art that various changes may be
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made and equivalents may be substituted for elements
thereof without departing from the scope of the invention.
In addition, many modifications may be made to adapt
to a particular situation or material to the teachings of the
invention without departing from the essential scope
thereof. Therefore, it is intended that the invention not be
limited to the particular embodiment disclosed as the best
mode contemplated for carrying out this invention, but
that the invention will include all embodiments falling
within the scope of the appended claims.

Claims

1. Anaircraft brake actuation system (100) that exhibits
a predetermined amount of hysteresis due to one or
more sources of mechanical inefficiency, the system
(100) comprising:

a control circuit (106) adapted to receive a brake
force command signal representative of a de-
sired brake force and operable, in response
thereto, to (i) adjust the brake force command
signal a predetermined amount based on the
predetermined amount of hysteresis and (ii)
supply a brake force actuator command signal
based on the adjusted brake force command
signal; and

an electromechanical brake actuator (108) cou-
pled to receive the brake force actuator com-
mand signal and operable, in response thereto,
to move to a position that will supply the desired
brake force.

2. The system (100) of Claim 1, wherein the adjusted
brake force command signal is an adjusted actuator
position command signal, and wherein the control
circuit (106) comprises:

a command filter circuit (302) configured to re-
ceive the brake force command signal and op-
erable, in response thereto, to (i) supply an ac-
tuator position command signal, (ii) determine a
rate of change of the brake force command sig-
nal, and (iii) supply a brake force command rate
signal representative of the determined rate of
change;

an anti-hysteresis circuit (304) coupled to re-
ceive the brake force command rate signal and
operable, in response thereto, to supply an ac-
tuator position command adjustment signal; and
a position control circuit (306) coupled to receive
the actuator position command signal and the
actuator position command adjustment signal
and operable, in response thereto, to (i) adjust
the actuator position command signal a prede-
termined amount, based on the actuator position
command adjustment signal, and (ii) supply the
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brake force actuator command signal based on
the adjusted actuator position command signal.

3. The system (100) of Claim 2, further comprising:

afeed-forward circuit (308) coupled between the
command filter circuit (302) and the position con-
trol circuit (306), the feed-forward circuit (308)
configured to receive the brake force command
rate signal and operable, in response thereto,
to supply a feed-forward rate signal represent-
ative of the brake force command rate signal to
the position control circuit (306).

4. The system (100) of Claim 3, wherein:

the position control circuit (306) is further oper-
able to combine the feed-forward rate signal with
the adjusted actuator position command signal,
to thereby supply a further adjusted actuator po-
sition command signal; and

the brake force command signal is based, at
leastin part, on the further adjusted actuator po-
sition command signal.

The system (100) of Claim 2, wherein the command
filter circuit (302) includes a rate-limit circuit config-
ured to limit the brake force command rate signal to
a predetermined rate magnitude.

The system (100) of Claim 2, wherein the position
control circuit (306) is implemented as a proportion-
al-plus-integral (PI) control circuit (346).

The system (100) of Claim 2, wherein the electro-
mechanical actuator comprises:

a motor (202) coupled to receive the brake force
actuator command signals from the position
control circuit (306) and operable, in response
thereto, to supply a rotational drive force; and
an actuator (204) coupled to receive the rota-
tional drive force from the motor (202) and con-
figured, upon receipt thereof, to move to the po-
sition that will supply the commanded brake
force.

8. The system (100) of Claim 7, wherein:

the brake force actuator command signal sup-
plied to the motor (202) has a voltage magni-
tude; and

the position control circuit (306) comprises a
voltage-limiter configured to limit the brake force
command signal voltage magnitude to a prede-
termined voltage value.

9. The system (100) of Claim 2, wherein:
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the command filter circuit (302) includes a con-
verter circuit (312), the converter circuit (312)
coupled toreceive the brake force command sig-

nal and operable, in response thereto, to convert

the commanded brake force to the actuator po- 5
sition command signal; and

the brake force command rate signal is an ac-
tuator position command rate signal represent-
ative of a rate of change of the actuator position
command signal. 10

10. The system (100) of Claim 9, wherein the anti-hys-
teresis circuit (304) includes:

a position command adjustment circuit (324) 15
coupled to receive the actuator position com-
mand rate signal and operable, in response
thereto, to supply an anti-hysteresis signal rep-
resentative of a predetermined anti-hysteresis
value; 20
a position-limit circuit (326) coupled to receive
the actuator position command signal from the
converter circuit (312) and configured to limit the
actuator position command signal to a positive
value; and 25
a multiplier circuit (328) coupled to receive the
anti-hysteresis signal and the positive value ac-
tuator position command signal and operable,
in response thereto, to supply the actuator po-
sition command adjustment signal. 30
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